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TABLE 5.—Average number of days with 0.01 inch or more of precipitation
in Wisconsin.
[From Summary of Climatological Data for Sections 58, 59, 60.]

Num- Num-
Station. ot LA Station. Lep Dot
record. days. record days.
Days. Years. | Days.

78 || Prentice 11 56

75 || Btevens Point.... 17 78

81 || Valley Junction 18 89

73 || Viroqua.....cccennnn.. 19 100

131 || Wausau... 14 102

88 || Amherst.. 18 81

T Appleton.. 10 108

86 Begit ..... 17 77

79 || Brodhead 11 04

79 || Chilton.. 15 101

68 1| Crandon 11 70

88 || Delavan... 13 81

84 || Florence.. 17 7R

77 |{ Fond du Lae 17 ]

78 || Green B 2 124

116 || Lake Mills, 17 111

84 || Madison *. 31 111

89 || Manitowoe 17 03

69 || Milwaukee, 39 128

76 || New London 14 20

89 I Oconto.... 18 96

117 || Oshkosh... 16 7

83 || Pine River. 15 o

88 || Port Washington. 16 80

88 acine 14 89

68 —ae 13 ]

56 10 04

81 18 100

83 14 )

* 26 years cooperative, 5 years regular station.

The great differences between the records of stations
manned by professional observers and those made by
amateurs may be reduced to some extent by considerir&g
only the same Eeriod, but they are mainly due to dif-
ferences in the fidelity to duty, as may be easily shown.
This suggests the possibility of classifying observers with
respect to fidelity to duty by arranging them in the
order of the total number of rainy days reported by them.

The table, or curve, of frex}uency distribution of daily
rainfall, however, gives a valuable insight into the ob-
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server’s habits of work; its use can not well be omitted by
working climatologists or the directors of climatological
services without danger of loss of valuable time and effort
in dealing with Wortiless or vitiated data.

REMARKS.

Prof. John F. Ha{ford, director of the College of Engi-
neering, Evanston, Ill., presents by request the following
comments on the above paper:

Evansron, ILL., Moy 17, 1915.

‘The use of the daily rainfall frequency distribution as a test for errors
in the manner indicated in Mr. Miller’s paper, seems to me to furnish
interesting and suggestive indications of the habits of the observer and
the character of the errors in the record turned in by him.

The value of these indications depends primarily upon the use which
is made of them. Two general classes of use may be considered:
(1) They may be used as a means of inspection of the observer and his
work; and (2) they may be used as a guide in testing the accuracy of
cooperative rainfall observations and as indicating how to reach safe
conclusions from them.

If your observers would take suggestions kindly and seriously, if
having found a cooperative observer’s observations consilerably in
error it were possible to replace him by some one else, and if a consider-
able amount of inspection of a cooperative observer's work were pos-
sible, the indications obtained from the frequency-distribution tests
advocated by Mr. Miller woull be of considlerable value as & part of
inspection, * * *

_As a guide in testing the accuracy of cooperative rainfall observa-
tions and as indicating how to reach safe conclusions from them, it
seems to me that the frequency-distribution tests are likely to prove
valuable if carefully considered anl appliel. In my opinion, the
necessarily careful consideration involves traveling farther along
Mr. Miller’s line of thought than he has yet gone, judging by his paper.
Tt may lead in some cases to added confidence in the records rather than
the reverse The following paragraph is, possibly, a fair example of a
reason for increased confidence based on frequency-distribution tests.

Consider the “*Summary of daily rainfalls” under figure 15. This.
summary indicates that the cooperative observers missed 220 “Traces”
(322~102) which may be estimated as 0.005 inch each, or a total of 1.1
inch: and 241 rainfalls hetween 0.01 and 0.24 inch (487—246), which
may be estimater] at 0.12 inch each, or a total of 28.9 inches. The total
loss thus established in these two groups is, therefore, 1.14-28.9=30
inches. This is less than 10 per cent of the total shown in Table 2.
This evidence indicates, therefore, that the total precipitation lost
from the record in the form of smaller rainfalls which are unrecognized
or erroneously recor:ilel by the cooperative observers as a group, is
possibly less than 10 per cent and almost certainly less than 20 per cent
of the total amount. Are not other etrors. in part unavoidable, prob-
ably larger than this? For example, is not the error in the total rain-
fall for a region prolucel by tEeculiari ties in the geographical distri-
bution of the stations an:i in the location with reference to the topog-
raphy irequently much greater than 10 per cent? Will not any reduc-
tion in the nhumber of cooperative stations tend strongly to increase the
errors referre-l to in the preceding sentence?

The errors in the recorde:d total precipitation produced by the mere
habit of concentrating the readings at 0.05, 0.10,40.15, etc., are probably
less than 5 per cent, an¢ possibly less than 1 per cent—too small to be of
importance, I reached this conclusion from a hasty study of Tables 1
and 2 and figure 15.

It seems o me that Mr. Miller’s reasoning js conclusive in showing
that the number of rainy days per year has one significance for regular
stations and quite a different significance for cooperative stations.—
John F. Hayford.

. O i
THE HOTTEST REGION IN THE UNITED STATES,

By G. H. WiLson, District Forecaster.

(Dated: Weather Bureau, San Francisco, Cal., July 5, 1915.)

When the gold seekers and pioneers came to California
in the early fifties many of them crossed the deserts in
the southeastern portion of the State, and the intense
heat experienced in that region during the summer
months soon became well known and much feared. The
sufferings of both man and beast while traveling over
those dreary wastes have been the subject of many in-
teresting papers, some of which were based upon facts
while others were pure fiction. Undoubtedly many lives
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have been lost in that region, and while the extreme heat
has probably taken its toll, by far the greater number
have perished from thirst.

It has long been believed that the hottest place in this

! country was in one of those depressions below sea level
in southeastern California, Death Valley or the Salton
Sea country. Until June, 1911, there was only a short
record from Death Valley, but there were many long and
reliable records from the latter which showed extremely
high temperatures; therefore the Salton Sea country
was generally considered to be the hottest place in the
United States. It will surprise many persons to learn
that not only the hirghes't temperature in this country
occurred in Death Valley, but that the highest shade
temperature ever recorded in the open air with standard
instruments and under a}l) roved methods of exposure in
any portion of the world was recorded at Greenland
ranch, on the edge of Death Valley, Inyo County, Cal.,
on July 10, 1913, when the thermometer registered 134° F.
In fact, the record from this station for the Eeriod from
July 8 to 14, 1913, inclusive, is probably the most re-
markable authentic record of high shade temperatures
over made. The daily maxima during this intensely hot
spell were: Sth, 128°F.; 9th, 129°; 10th, 134°; 11th,
129°; 12th, 130°; 13th, 131°; and 14th, 127°. During this
time the temperature never fell below 85°F.

< In the spring of 1911 mrangements were made between
the United States Weather Bureau and the Pacific Coast
Borax Co. to establish and maintain a Weather Bureau
_cooperative station at their place known as Greenland
ranch, on the edge of Death Valley. This ranch is located
on Furnace Creek at the eastern edge of Death Valley
and 178 feet below sea level, but somewhat higher than
the main floor of the valley. The ranch embraces about
100 acres of irrigated land on which alfalfa and some
fruit and vogetables are grown. The meteorological
equipment is that usually furnished to cooperative sta-
tions; it consists of Weather Bureau standard maximum
and minimum thermometers, a raingage and a thermome-
ter cholter. The shelter is of the regulation pattern,
with louvered sides, a tight floor, and a double roof.
The shelter is painted white with several coatings of
white lead. The location for the instruments was care-
fully selected, the shelter being placed over an alfalfa
sod, the floor about 4 feet above the ground, the
shelter door facing north and about 50 feet from the
nearest high object. The location is such that the shelter
is not exposed to the rcflected heat from the desert.

Evaporation is excessive in this section and liberal
irrigation is necessary to maintain plant life; hence, the
cooling by evaporation from the surrounding damp

ound and live vegetation is probably sufficient to lower
the readings of the instruments several degrees. Un-
doubtedly the temperature down in the desert bot-
tom of the valley is much higher than it is at Greenland
ranch.

The maximum thermometer in use during the hot
weather of July, 1913, was graduated up to 135° F. only,
and in a note accompanying his report at the close of the
month, the observer stated that he doubted if the record
was sufficiently high because other ordinary thermome-
ters at the ranch showed a much higher temperature.

In order that the true value of this record may be
appreciated, the following statement kindly furnished by
Pprof. C. F. Talman, Librarian, U. S. Weather Bureau,
of other high temperatures reported in different portions
of the world is submitted for comparison:

Greely’s American Weather, page 128, mentions a temperature of -

127.4° F. on August 27, 1884, at Ouargla (better spelled Wargla), on the
edge of the Sahara desert, as ' probably the highest registered by a
trained observer from a reliable, well-exposed thermometer.”” This
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maximum has been repeated in meteorological works, down to the
present time, as the highest well-authenticated temperature hereto-
fore observed. However, Greely also (p. 129) mentions a temperature
of 128°F. at Mammoth Tank, Cal., J ury, 1887, and this is also some-
times cited as the *‘record” for th> world. Hann’s Handbuch der
Klimatologie (3d ed., vol. 3, p. 485) mentions a temperature of 131°
F. (65°C.) as haviag been ogserved by the traveler, Stuart, in the
interior of New South Wales, in January, 1845. In Thomson’s ‘Intro-
duction to Meteorology,” .p. 56, a temperature of 132°F. is said to
have occurred near the Euphrates; while the Encyclopsedia Britan-
nica (9th ed., vol. 30, p. §10) states that 167°F., in the shade, has
been observed in the desert of Gobi. 1 know of no other authority
for this last extraordinary temperature record. In any case, the tem-
perature of 134°F, at Greenland ranch remains the highest recorded
for any definite station.

It appears strange that Gen. Greely should give the -
record of 128°F. in July, 1887, at Mammoth Tank, Cal.,
as the highest, when the records of that station show
130°F. on August 17, 1885, as stated in Weather Bureau .
Bulletin L. '%he old station at Volcano Springs, now.
under the waters of Salton Sea, has a record oigsl29°F.
on June 23, 1902, and of 128°K. on July 5, 1905. This
latter record was reached on a Weather Bureau standard
maximum thermometer exposed in a standard shelter.

The temperature records at Greenland ranch now cover
a period of four years, from June, 1911, to May, 1915,
inclusive. Temperatures reaching 100°F. or more may
be expected from April to October, inclusive; reachin,
the highest point in July or August. Temperatures o
120°F. or more have been recorded in May, June, July,
and August. Temperatures of 80°F. or more have been
recorded in all months, and of 90°F. or more from Feb-
ruary to November, inclusive. The mean of the monthly
maximum temperatures has exceeded 100°K. from May
to September, inclusive, every year with one exception,
when the record was 95.4° F. The average daily maxi-
mum temperature exceeded 110°F. twice in four times
in June, and in every July and August; the greatest being
117° F.in July, 1911. In the months of July and August,
for the four years under discussion, the mean daily maxi-
mum temperature has exceeded 115°F. three times in
each month, the exceptions being 110.7°F. in July, 1912,
and 111.4°F. in August of the same year.

The lowest temperature recorded was 15°F. on Janu-
ary 8, 1913. This low temperature occurred during a
spell of exceptionally cold weather in California, when
many long records of low temperature were broken in all
portions of the State. Minimum temperatures of 32°F.
or below have been recorded in November, December,
January, and February. The mean daily minimum tem-
peratures have been below 32°F. for but two months
during the four years’ record: January, 1913, when it was
26.5°F., and December, 1912, when it was 30°F. The
mean monthly minimum temperature for July and August
has exceeded 80°F., except in August, 1911 (78.9°F.),
and July, 1912 (79.6°F.). The mean monthly tempera-
ture has exceeded 100°F. half of the time in both July
and August; it has exceeded 90°F. in every June and
for half of the time in September. The highest monthly
niean temperature was 101.6°F. in July, 1914, and the
lowest was 45.8°F. in January, 1913.

The maximum temperature has reached or exceeded
100°F. on 548 days in the four years from June, 1911, to
May, 1915, inclusive, as follows: in April 15 times, May 72,
June 108, July 123, August 124, September 97, and Octo-
ber 9 times; and reached or exceexfed 120°F. on 59 days,
as follows: May 2, June 5, July 25, and August 27 days.

The daily weather maps have been carefully studied
for some peculiarity that would explain the extremely
hot weather in Death Valley in July, 1913, but it is doubt-
ful if a sufficient cause was found.! The weather type

L Compare Notes on the climate and meteorolw of Death Valley, Cal., by Mark W,
Harrington. Washington, 1892, 50 p. 8°. (Weather Bureau Bull. 1.)
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was that which always causes high temperatures over the
south Pacific coast district, it was not unusually pro-
nounced, and did not give record temperatures in any
other portion of California. The wind along the eastern
slope of the Sierra was very light and from the north,
causing a slow southward movement of the air from the
high plateau and mountain regions of northern Nevada.
As it was descending it was heated dynamically in pass-
ing down the western slopes of the Amargosa and Funeral
Mountains to the deep valley below. Once in the valley
the surface air probably became stagnant owing to the
high walls at the south end, and was heated rapidly by the
octed heat from the rocks and desert floor of the valley.
The condition was probably local as is often the case
in mountainous regions, and the exceptionally high tem-
peratures were confined to Death Valley.
The following tables present the temperature records
of this hottest station, by years and months:

TABLE 1.— Temperatures recorded by Weather Bureau thermometers in a
standard shelter at Greenland ranch, Inyo County, Cal.

[Lat. 36° 20" N.; long. 116° 50' W. Alt., —178 feet, M. 8. 1..]

HIGHEST TEMPERATURE.

8 g1 g
. = . =
Year, g B E ] %
: £1512)g) 3
2 FI8(Z2(|A &
OF.|°F,|°F.|°F.|°F.,
118] 100} 90| 122
11 a9 kN 82 120
116| 105 90| 74 134
112, 101} 91 82 126
118{ 105; 91 82| 134

83! 77 6o | sito2 2 2
57 61 68 50l 42 320 21 2
o 74| G

Monthly ex- i
tremes....... 153; 30

MEAN TEMPERATURE.

{3(mean max, -+ mean min.)}

Lot i
eean b Lol 93.50100.2: 97.2) 87, 6] 72.8) 59.6! 5).6:.....
.| 53.0! 80.0| 65.3; 71.6( §2.4| 00.2 95.2 96.0[ %3,2 7Ly 50.1) 48.§| 73.8
.} 45.8| 57.3( v3.2 77.2) 54.8 92.4 98.6100.4' 02.6] 82.4| 72.4) 61.8] 77.4
.| 65.2] 67.3| 73.4] 75.4! 85.8| 91.4]101.6,100.4 90.0{ 81.9] 72.6] M.zl 80.9
64.6{ 61.8) 6v.8} 78.1! so.4f.....[..... Jeeene l ............... e
57.%{ 61.6| 6.0] 75.6] £3.4| 92.0] 98.0] 08.5| 85.4] 77.2) 65.9) 57.1| Ry

i

MEAN MAXIMUM TEMPERATURE.

... |112.9]117. 9
. 7(100. 0|109. 5(110. 7(111. 4100.9
. 2(103. 4/110. 0]116. 4{118. 5107, 4
B, 100.3 106. 9[116. 6]116. 21109. 0| 91.5 . .

| S | IR R RPN (R R PR

09. §/109. 6/115. 2]114. 01105, 6! 01, 4f 70.3| 68.8} 91.0

115. 6{105. 2| 91.

n

MEAN MINIMUM TEMPERATURE.

(RPN S SR R, 75.7| 83.5| 78.9| 70.1
30.3) 49.5] M.5] 64.8 71.0| 79.8) £0.7} 65.4
41.0) 44,9 58.2) 66.2 74.9 80.8( 84.4| 7.7
59.5| 60.6] 62.3] 71.3| 76.0| 56.5| 84.5| 70.9|
54.6{ 57.0) 64.8 65.3{.....[....[-cccifemuni]ernn.
48.8 53.0| 60.0] 66.9) 74.4| 82.6 82.1) 71.0)
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SUMMER TEKPEkATéBE;_E %'r_ PARIS AND AT RENO,

By H. F. ArciaTorE, Section Director.

[Dated: Weather Bureau, Reno, Nev., May 26, 1915.}

In connection with Angot’s method for classifying
summers (Monthly Weather Review, Nov., 1914, 42:
628-629) I here submit a tabulated statement of tem-
perature excesses (on a basis of 30°C. or 86°F.), differ-
ences, and departures for Reno, Nev., and Paris, France.
Angot has stated that his method gives results to a cer-
tain extent dependent upon the temperature selected for
the lower or starting point. As the only Paris data at
hand are those for summers compared on a basis of 30°C.,
I selected the same temperature for comparing Reno’s
summers. It is evident that a starting temperature of
86°F. (30°C.) is too low for Reno, the average excess
for the summer being 177°F. as against 27°F. at Paris.

In a way, the starting temperature, if judiciously
chosen, could be such as to give one a fairly good idea
of what might be called the ‘ discomfort units” of sum-
mer. For example, at Reno (and probably at 99 per
cent of the reguPa.r Weather Bureau stations) a day on
which the temperature exceeds 90°F. (32.2°C.), would
be termed a warm day, while one with 87°F. (30.6°C.)
would not.

TABLE 1.—Reno and Paris summers compared.

(Reno: Lat., 39° 32 N.,; long., 119° 40’ W_; elevation, 4,500 feet above sea level.)
[Sums of maximum temperatures exceeding 86°F.)

At Reno— som | s | 222 Departures
um, | Sum,] ence,
Year. Renc.| Paris’| Poris-
Apr. | May. [ June.| July.| Aug.|Sept. Reno. | paris. [Reno.
21.31 - 19
2.2 &
22.8) — 77
.1 - 33
19.0} — 68
23.5| — 69
18. 3] H3
22.8 — 38
1.5 5
7.9 — 7
23.3) — A
20. 2 47
12.9] 9
21.8 — 89
26.9) 98
28.3 14
30.3; 154
148.4) — 18
1.7 — 47
Averages..| 0.1] 4.1 13.4{ 85.9; 67.21 8.5(177.0] 30.33—146.%.......|......
|

Months in which the temperature has not once reached 87° F. are indicated by leaders.
All temperatures, ditferences, and departures are in Fahrenheit degrees. No signs
appear before plus differences or departures. Minus differenees indicate that Paris was
cooler than Reno. Oniy years for which compiete records for both piaces are available
ap{)ear in the table. The values at bottom of table are the 19-year averages. The
values for 1aris are the Fahrenhelt equivalents of the data in Table 2, p. 629, Monthly
Weather Review, November, 1914.

Referring to the Reno-Paris table, the most note-
worthy fact brought out is, that in 18 out of 19 years
Reno’s summers have been warmer than those of Paris.
The exception was the summer of 1911, which, in Paris,
was the hottest on record.

At Reno the greatest monthly excesses occur, as a rule,
in July. The average seasonal excess is 177°, more than
five times as large as that of Paris. For the 19 years
covered by the records, the hottest summer was that of
1910, with an excess of 331°; the coolest, that of 1907,
with an excess of only 88°. Eleven of the 19 summers
were warmer than usual. No periodic alternation of
warm and cool summers has been observable for periods
of more than three years’ duration.



